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Purpose: Disruption of normal renal development can lead to congenital ano-
malies of the kidney and urinary tract, including renal hypodysplasia. We aimed
to clarify whether small kidney size affects clinical manifestations in children with
urinary tract infection (UTI).

Methods: One hundred fifty-four patients who had their first symptomatic UTI
between January 2014 and June 2015 were enrolled in this study. Differences in
kidney size were estimated based on percent uptake of *"Tc-dimercaptosuccinic
acid (DMSA) in scintigraphy. The patients who showed more than 10% difference
in kidney size on DMSA scintigraphy with none or minimal cortical defects were
included in group A. (group A, n=17). Laboratory, clinical, and imaging results were
compared with those of the other patients (group B, n=137).

Results: Group A had a relatively higher incidence of vesicoureteral reflux than
group B (44% vs 20%, P<0.05). The levels of plasma neutrophil gelatinase-associ-
ated lipocalin (NGAL) and serum C-reactive protein were significantly higher in
group A (193 [64-337] vs 91 [59-211] ng/mL and 4.1 [0.5-11.9] vs 2.1 [0.7-5.3] ng/
mL, respectively; all P<0.05). Linear regression analysis revealed that plasma
NGAL level strongly correlated with the difference in renal uptake in DMSA scinti-
graphy in group A (R°=0.505).

Conclusion: The difference in kidney size could influence the clinical course and
severity of pediatric UTI.

Key words: Small kidney, Acute pyelonephritis, Vesico-ureteral reflux, Plasma
NGAL, DMSA scintigraphy

Introduction

Congenital abnormalities of the kidney and the urinary tract (CAKUT)
are among the most frequent antenatal malformations and occur in 1/500
live births". Disruption of renal development can lead to CAKUT, including
renal hypoplasia, which is characterized by congenitally small kidneys with
dysplastic features and a reduced number of nephrons™”. Renal hypoplasia
can be diagnosed as a small-sized kidney of 2 standard deviations below nor-
mal”. In several studies, mild renal hypoplasia at the lower normal range is
associated with various nephrouropathies, including more frequent urinary
tract infection (UTT)*?.

In diagnosing renal hypoplasia in children, the volume of the kidneys should
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be measured. The most widely used method for estimating
kidney volume is kidney length measurement using ultra-
sonography™®. However, intra-observer and inter-observer
variation may occur when ultrasonography is used on chil-
dren”, and calculating volume based on length may pre-
sent a limitation in assessing the kidney size of a pediatric
patient5).

*™Tc dimercaptosuccinic acid (DMSA) renal scintigraphy
is considered the standard method for assessing the extent
and progression of renal parenchymal damage in UTI pa-
tients”'”. Furthermore, estimation of kidney function, along
with kidney size, is possible based on the level of DMSA
scintigraphy uptake, with the normal range for the relative
uptake of each kidney being between 45% and 55%" .

In the present study, kidney size in children with UTI
was estimated based on the level of uptake on DMSA scin-
tigraphy. Using these results, the present study examined
clinical features of UTT and issues associated with small
kidneys.

Materials and methods

1. Patient selection and exclusion criteria

The present study was retrospective in design including
patients admitted to Korea University Hospital between
January 2014 and June 2015 for their first symptomatic
UTI. Among all patients who were admitted for UTT du-
ring this period, only those who underwent both DMSA
scintigraphy and laboratory tests were included in the study.
A febrile UTI was defined as the presence of fever (body
temperature >38C), pyuria (=5 WBCs/high-power field),
and a positive urine culture (pure bacterial growth of >10°
colony forming units/mL). Patients with a history of UTI
or any other infectious diseases were excluded, along with
those with any congenital anomaly other than VUR, renal
hypoplasia, and small kidney. We divided patients into two
groups, Group A and B. Group A included patients who
showed the following: 1) more than 10% uptake difference
of the right and left kidney in DMSA renal scintigraphy
and, 2) the difference could not be from a pyelonephritic
uptake defect. Patients that did not meet these criteria were
defined as Group B.
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2.Laboratory and Radiological Assessment

According to our department protocol, the measure-
ment of plasma neutrophil gelatinase-associated lipocalin
(NGAL), serum procalcitonin (PCT), serum C-reactive
protein (CRP), and white blood cell (WBC) counts were
performed at the time of admission. Renal ultrasonography
and DMSA scintigraphy were performed on all enrolled
patients within the first 3 days after admission. A voiding
cystourethrogram was performed before patients were dis-
charged only if DMSA scintigraphy detected a cortical de-
fect or vesicoureteral reflux (VUR) was clinically suspected.

The injected dose of DMSA scintigraphy was scaled ac-
cording to body surface area'”.

All patients were placed in the supine position, and exa-
mined using a high resolution, low energy collimator. After
tracer injection, four images (anterior, posterior, and left
and right posterior oblique views) were acquired. An ex-
perienced observer performed the visual analysis of the
images following the procedure guidelines for renal scinti-
graphy>"”. Hydronephrosis was diagnosed according to
the Society for Fetal Urology classification'®. The laboratory,
clinical, and imaging results were compared between the

two groups.

3. Statistical analyses

Statistical comparisons were performed with the SPSS
program for Windows (version 18.0, SPSS, Chicago, IL).
Continuous variables between groups were compared
using the Student’s t-test and categorical variables were
compared using the chi-squared test. Data are presented
as the median (interquartile range [IQR]) for continuous
variables and proportions for categorical variables. Stati-
stical significance was set at P<0.05. Scatter plots and linear
regression analysis were used to determine the correlations
between the uptake differences and biomarkers, and an-
alysis was performed separately for all patients and Group
A only.

Results

1. Patient characteristics
Among 202 patients, 48 were excluded according to the

study criteria; therefore, a total of 154 patients participated
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in the study. Among them, 17 (11%) were assigned to Group
A. The age range of the two groups varied from 1 month to
13 years old, but there was no statistically significant diffe-
rence in mean age between the two groups (Group A, 28
months [IQR: 5-43]; Group B, 20 months [3-19]). Moreover,
the two groups did not show statistically significant diffe-
rences in gender and fever duration. Among the biomar-
kers, levels of plasma NGAL (193 [range, 64-337] ng/mL vs.
91 [range, 59-211] ng/mL) and serum CRP (4.1 [range, 0.5-
11.9] ng/mLvs. 2.1 [range, 0.7-5.3] ng/mL) and WBC counts
(18,630 [range, 15,920-20,750]/mm3 vs. 14,100 [range,
9,500-17,540]) showed statistically significant differences
between the two groups (all P<0.01). The percentages of

Table 1. Patient Characteristics

Variables Group A Group B Pvalue
Subjects, n (%) 17.(11) 137(89) -
Age (months) 11 (5-43) 6(3-19) 032
Female, n (%) 8/17 (47) 65/137 (47) 098
Fever duration (day) 3(2-4) 3(2-5) 092
Plasma NGAL (ng/mL) 193 (64-337) 91 (59-211) 0.005
Serum PCT (ng/mL) 05(0.1-4.9) 0.2 (0.1-0.9) 0.27
Serum CRP (mg/dL) 4.1(05-11.9) 2.1(0.7-5.3) 0.003
WBC counts (/mm’) 18,630 14,100 0.001
(15,920-20,750)  (9,500-17,540)

Lt. uptake (%) 50 (44-57) 49 (48-51) 067
Rt. Uptake (%) 50.5 (45-56) 51(49-52) 0.87
Uptake difference (%) 12(10-14) 4(2-6) <0.001
APN, n (%) 10/17 (59) 67/137 (49) 044
Hydronephrosis, n (%) 9/17 (53) 50/137 (37) 0.19
VUR, n (%) 7/16 (44) 19/94 (20) 0.04

Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; PCT,
procalcitonin; CRP, C-reactive protein; WBC, white blood cell; APN, acute
pyelonephritis; VUR, vesicoureteral reflux; Data are presented as numbers
(proportions) or median (interquartile range).
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patients diagnosed with acute pyelonephritis (APN) or hy-
dronephrosis did not show a statistically significant diffe-
rence between Group A and B (59% vs. 49% and 53% vs.
37%, respectively), whereas VUR was slightly higher in
Group A (44% vs. 20%, P<0.05) (Table 1).

2.Scatter plot and linear regression

Scatter plot and linear regression were used to determine
whether biomarker levels increase according to uptake dif-
ference. The results from linear regression analysis perfor-
med on all patients showed weak positive correlations with
plasma NGAL and serum CRP only (R*=0.155 and 0.124)
(Fig. 1). Analysis limited to Group A only showed similar
results, but the correlation between plasma NGAL and up-
take difference was more significant (R’=0.505) (Fig. 2).

Discussion

Febrile UTT is common in pediatric patients. Approxi-
mately 7-8% of girls and 2% of boys have a UTT during the

719 UTIs can occur as simple bladder

first 8 years of life
infections, or involve the kidneys, leading to renal scarring.
Furthermore, kidney injury related to APN has been con-
sidered a cause of substantial long-term morbidity"”. Retro-
spective studies have suggested that kidney injury related
to UTI presents a clinically significant risk, with high sub-
sequent rates of chronic kidney disease, hypertension, and
preeclampsia®®?’.

Since the symptoms of UTT in children are nonspecific,
diagnosis of APN in patients with UTI often requires exa-

mination with DMSA scintigraphy to detect renal paren-
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Fig. 1. Scatter plots and linear regression analysis of total patients regarding uptake differences
with plasma NGAL (A, R*=0.155) and serum CRP (B, R’=0.124).
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Fig. 2. Scatter plots and linear regression analysis of Group A regarding uptake differences with
plasma NGAL (A, R’=0.505) and serum CRP (B, R’=0.287).

chymal involvement™*”. The level of uptake obtained from
DMSA scintigraphy enables kidney function and size to be
quantified”**. Currently, some biomarkers are considered
more practical and accessible tools capable of estimating
kidney injury™®.

NGAL is a 25-kDa protein originally purified from hu-

man neutrophils®”

. This protein, which is released from
developing nephrons, participates in the conversion of
metanephric tissue into glomeruli and proximal renal tu-
bules®. NGAL is also expressed at low levels in normal
organs and at increased levels in injured epithelia, inclu-
ding the kidney””. In recent studies, plasma NGAL has
been identified as one of the most reliable biomarkers of
kidney injury in pediatric UTT* .

In the present study, Group A and B did not differ signifi-
cantly with respect to hydronephrosis and APN. Although
VUR was slightly more common in Group A, the difference
was very small. Radiological diagnosis did not show dif
ferences between the two groups; however, plasma NGAL,
a biomarker directly associated with kidney injury in UTI,
was higher in Group A, showing strong significance.

It is believed that these results may be attributed to the
limitation of APN assessment via DMSA scintigraphy. Even
though it is considered the gold standard for diagnosis of
APN, DMSA scintigraphy was limited in identifying renal
cortical lesions™*?. In other words, APN with no cortical
defect may be underestimated due to false negative results
on DMSA scintigraphy. However, since plasma NGAL ex-
pression is increased in cases with injury to the renal tu-
bular epithelium caused by bacterial infection™*”, NGAL
expression level also increases in APN without renal cortical

defects. Therefore, higher plasma NGAL in Group A sug-

gests that patients with small kidneys are more prone to
kidney injury during UTT or APN.

Furthermore, a greater difference in uptake on DMSA
scan was associated with increased biomarker levels. In
particular, when Group A patients showed a difference >10
%, the association increased even more. This result could
be interpreted as meaning that a smaller kidney sustains a
more severe injury.

The present study had some limitations. First, the study
was limited to only children at risk for UTT; therefore, ge-
neralizing the findings in the study to all children would be
problematic. Second, kidney size measurements were only
performed with DMSA scintigraphy. This can lead to un-
certainty about measurement of kidney size based on cor-
tical uptake, even if a patient selection process did take
place. For measuring kidney size more accurately, testing
with additional methods such as ultrasonography or com-
puted sonography is needed. Third, this was a single-center
study with a small number of registered patients. Therefore,
more accurate and generalizable conclusions require mul-

ticenter studies with larger sample sizes.
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Conclusion

The present study found that children with greater diffe-
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rences in uptake present with more severe clinical features
associated with UTI. Therefore, children with uptake dif-
ference who develop a UTI require thorough examination

for kidney injury and continued monitoring.
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